Combined marginal folate and riboflavin status affect homocysteine methylation in cultured immortalized lymphocytes from persons homozygous for the MTHFR C677T mutation.
Methylenetetrahydrofolate reductase (MTHFR) catalyzes the reduction of 5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate, the methyl donor for the synthesis of methionine from homocysteine. A common C677T mutation in the MTHFR gene renders the enzyme approximately 50% less active than the wild-type enzyme as shown in in vitro studies using cell extracts. We developed an immortalized cell culture model to determine whether the lower in vitro activity imparted by the homozygous (T/T) genotype is demonstrated in situ when exposed to adequate and marginal physiologic concentrations of folate and riboflavin. T/T MTHFR activity was compared with that of C/C genotype cell extracts by an in vitro assay and in intact cells by measuring the distribution of folate forms, the accumulation of homocysteine in the medium and the synthesis of methionine from formate and homocysteine. Under adequate nutrient conditions, the in vitro activity of the T/T MTHFR enzyme was approximately half that of the C/C genotype. Similarly, the proportion of 5-methyltetrahydrofolate in cells with the T/T genotype was approximately half that of the cells with wild-type MTHFR. In contrast, homocysteine accumulation in the culture medium was low and not different between genotypes, nor was there a difference in methionine synthetic capacity. Significant differences were observed between genotypes only when the supply of both folate and riboflavin was limited in the medium, which resulted in increased homocysteine accumulation and decreased methionine production in the T/T genotype. These data are consistent with the current understanding of the molecular interaction of the MTHFR mutant with folate substrates and the FAD prosthetic group.